Introduction
Mapping and dating of surficial deposits in the Bear Lake drainage basin were undertaken to provide a geologic context for interpretation of cores taken from deposits beneath Bear Lake, which sometimes receives water and sediment from the glaciated Bear River and sometimes only from the small drainage basin of Bear Lake itself. Analyses of core sediments by others are directed at (1) constructing a high-resolution climate record for the Bear Lake area during the late Pleistocene and Holocene, and (2) investigating the sources and weathering history of sediments in the drainage basin. Surficial deposits in the upper Bear River and Bear Lake drainage basins are different in their overall compositions, although they do overlap. In the upper Bear River drainage, Quaternary deposits derived from glaciation of the Uinta Range contain abundant detritus weathered from Precambrian quartzite, whereas unglaciated tributaries downstream mainly contribute finer sediment weathered from much younger, more friable sedimentary rocks. In contrast, carbonate rocks capped by a carapace of Tertiary sediments dominate the Bear Lake drainage basin.
Information on the type, composition, age, and distribution of surficial deposits can be used in several ways to understand changes in streamflow and lake level. First, the distribution and age of deposits such as glacial deposits, landslides, and stream terraces tell us when large amounts of sediment were eroded from hillslopes, transported by streams, and potentially deposited in Bear Lake. Second, careful mapping of marsh, lake, and river deposits between modern Bear Lake and the Bear River ( fig. 1 ) provides information on how the lake and river have interacted over time scales of the past several thousand years to the past half-million years. Surficial mapping, radiocarbon ages, and amino-acid racemization ages (Laabs, 2001; Laabs and Kaufman, 2003 ; and data in this report) suggest that Bear Lake has expanded and contracted several times in the last 10,000 years and that it may have overflowed northward through channels on the west side of the valley. During this time, Bear River migrated northward through the intervening marsh to its present position. Some of these changes may be related to climate change but others probably were caused by faulting or tilting of the valley floor.
This report presents information obtained from stratigraphic sections described from outcrops and auger holes ( fig. 1 ) in the area around Bear Lake. Stratigraphic sections measured by Reheis are graphically portrayed on Figures 2 and 3. Sections measured by Laabs and Kaufman are shown graphically in Laabs (2001) . Table 1 presents locations and descriptive information for sediments that were sampled from all of the measured sections as well as from a few supplementary sites. Table 2 presents radiocarbon ages from samples of lake, marsh, and alluvial deposits. This information, combined with age data of Laabs (2001) and Laabs and Kaufman (2003) , provides the stratigraphic and chronologic basis for a surficial geologic map of the Bear Lake basin (Reheis, unpub. data) . Table 3 presents ostracode identifications and interpreted paleoenvironments for selected samples. The stratigraphic and paleoenvironmental data can be used in concert with much more detailed information from analyses of the Bear Lake cores to reconstruct the lake-level history and the changing relation between Bear Lake and Bear River.
In addition to the surficial mapping, dust traps were constructed at three sites around the shoreline of Bear Lake to sample the annual vertical dust deposition to the lake area. These data (table 4) provide an estimate of the modern aerosolic inputs to help interpret paleohydrologic history from the chemistry and mineral content of lake-sediment cores.
Methods
Mapping surficial deposits in such a large area (2,000 km 2 ) usually relies heavily on interpretation of features visible in aerial photographs combined with field investigations. In this study, field work also was hampered by the difficulty in obtaining access to private land and by the abundant vegetation (~100 percent cover on lower slopes and valley floor) in this relatively moist, agricultural area. Deposit types such as river terraces of different heights and channels incised into lake plains ( fig. 1 ) were tentatively identified on aerial photographs. Locations where deposits with certain surface expressions were exposed in road or canal cuts then were visited to examine the sedimentary layers and surface features. Field work also revealed how a particular type of deposit is related to another in time and space; for example, lake deposits that overlie fluvial deposits indicate a rise in lake level, potentially caused by either subsidence along faults, an increase in effective moisture (runoff), or river migration toward the lake. Where no exposures were available, a bucket auger was used to obtain sediment in 10-20-cm depth increments. Auger holes usually terminated in loose sand or gravel beds that could not be cored by hand. Materials such as shells or organic matter, suitable for radiocarbon dating and for interpretation of hydrologic environments, were obtained from outcrop exposures and auger sediment. In the latter case, where sediment might be mixed by collapse within the auger hole, care was taken to ensure that shells chosen for dating were representative of the beds encountered during augering by selecting shells from within intact large (2-5 cm diameter) clods of sediment.
Shell fragments were isolated from clay by soaking in a weak Calgon solution for several hours. The solution then was poured over a 1,000-µm sieve; the shell fragmen nts retained on th n the sieve were hand pick ked and thor oroughly rinsed ed in distilled water. m sieve; the shell fragme ts retained o e sieve were hand pic ed and th oughly rins in distilled water. When necessary, the shells were sonicated in distilled water for 1 hour to remove additional surface sediment. In certain cases, when the shell material was still encrusted in sediment or the shells showed signs of surface alteration, the sample was soaked in dilute (0.1 M) HCl to etch the surfaces clean.
The dust-trap design (Reheis and Kihl, 1995) samples both wet and dry dust deposition. Briefly, the dust trap consists of a Teflon-or enamel-coated angel-food cake pan mounted on a steel post about 2 m above the ground. This height nearly eliminates trapping of coarse grains traveling by saltation. Glass marbles fill the upper part of the pan above a supporting piece of ¼-inch-mesh metal screen that rests 3-4 cm below the rim. The marbles simulate the effect of a gravelly fan surface and prevent dust that has filtered or washed into the bottom of the pan from being resuspended. To prevent birds from roosting, dust traps are fitted with two metal straps looped in an inverted basket shape over the pan, and the top surfaces of the straps are coated with Tanglefoot Bird Repellent. Samples are retrieved by washing the trap components with distilled water into plastic 1-L bottles. In the laboratory, a dust sample was dried at about 35 °C in large evaporating dishes, and coarse organic material was removed. Total carbon and inorganic carbon were analyzed using a coulometer, and organic carbon content was calculated by difference. Soluble salt content was approximated by using measurements of electrical conductivity. Site numbers beginning with year (for example, 99BL-35) were described and sampled by Reheis; prefixes for some sites were omitted for ease of drafting, but all the omitted prefixes are for sites described in 1998 (for example, site 98BL-47 is abbreviated to 47). Site numbers beginning with BL-were described and sampled by Laabs; those beginning with DK-were described and sampled by Kaufman. A, airport; B, Bloomington; D, Dingle; GC, Garden City; M, Montpelier; P, Paris; SC, St. Charles. table 1 . Sections are shown in approximate order from north to south on the following four pages. Column to right of lithology gives descriptive information such as color (informally described in field, not Munsell), sample data, and soil horizons. On some sections, brackets group depositional layers into different types of deposits (for example, loess) as interpreted from sedimentary characteristics. (see table 1 ). Most sections are outcrops, and correlation lines are physically traced, except that BL99-49 is an auger hole within a channel fill cut into older sediment, and correlations are uncertain. Surface altitudes were measured using a Trimble GPS and differentially corrected in the office. The base of the outcrop sections is the water level, thus the section bases essentially reflect the water gradient in the canal over a 2-day period when flow rate in the canal remained relatively constant. Measured sections then were plotted and their altitudes slightly adjusted to yield a smoothly sloping water level at the base of the outcrop sections. 
